The use of special kind of arrangement absorber plate is an effective and economic method to improve the thermal performance of a solar air heater. In this paper, the thermal performance of a solar air heater was experimentally investigated with different absorber plates with a mass flow rate of 20 kg/h and 25 kg/h with different arrangements of absorber plates such as glass plates and galvanized iron (GI) sheet varying mass flow rates of air. It was observed that thermal efficiency was increased by 9.4% while using the glass plate absorber compared to the galvanized iron (GI) sheet absorber plate.
INTRODUCTION
Solar air heaters (SAH) are prevalent in several solar energy applications, especially space heating, drying and paint spraying operations, because of their inherent simplicity, cheapness and most widely used collection devices. The main drawback of a SAH is that the heat-transfer coefficient between the absorber plate and the air stream was low, which results in a lower thermal efficiency of the heater [1] . However, different modifications and techniques were adopted to increase the performance of solar air heaters, such as fins, artificial roughness inclined V-shaped, chamfered and combinations of different geometries have been investigated [2, 3, 4] . From the literature, it has been observed that all the elements of a solar air heater such as; an absorber tray, flow channel ducts, glazing, insulation, extended surfaces, as well as the tilt angle, have a significant effect on the thermal performance of the system [5, 6] .
The researchers have carried out works towards the improvement on the performance of the solar air heaters. Thermal efficiency of solar air heater greatly depends on time, solar insolation and mass flow rate [7, 8] . The highest collector efficiency and air temperature rise were achieved by the finned collector, whereas the lowest values were obtained from the collector without using fins [9] . The values show that the thermal efficiency of the SAH increases with the increase in the air flow rate [10] .The glass plate absorbers are introduced to enhance the thermal efficiency of the air heaters. Glass plates are arranged in two layers for increasing heat transfer area, leading to improved thermal performance [11] . The efficiencies of single glazed, double glazed and packed bed solar air heaters for the flow rate of 0.02 m 3 /s-m 2 were 30.29%, 45.05% and 71.68% respectively [12] . The flow rate of air and plate configurations have a great effect on net energy gained from the air heater [13] . The results show that as the temperature of the air entering the collector increases above the ambient temperature, the heat losses from the collector become larger and the useful energy collected becomes less [14] .
In consonance with this, the central focus of this work is to investigate experimentally the effect of the thermal performance of the solar air heater with different types of absorber plates such as glass plate and galvanized iron (GI) plate with varying the air mass flow rate. This paper presents an efficiency evaluation of different absorber plates under same operating conditions and at different velocity conditions. An experimental set up of the solar air heater and the thermal performance analysis of SAH with different operating modes are described in the following sections.
DESCRIPTION OF THE EXPERIMENTAL SET-UP
The construction of solar air heaters was made by means of galvanized iron (GI) sheet as absorber plate and by a glass plate as absorber plate. These two set up were fabricated and installed. Air is the heat transfer medium in both the air heaters. Air passed through the inlet straighter by means of air blower. The air gains temperature as it passes over the absorber plates. This may lead to increase in the temperature of the working fluid of the system. The observations were recorded and a comparison study was made for both copper plate collector and glass plate collectors. Figure 1 shows the schematic diagram of a solar air heating (SAH) system. It consists of horizontal shaft mounted with a blower on the shaft which is directly coupled to the motor. When the motor is switched ON, a small pressure difference was developed inside the casing of the blower which causes the air flow from the atmosphere through glass plate collector and copper plate collector and then to the outlet section.
Figure 1. Schematic diagram of SAH system
Copper constant thermocouples are used to measure the top glass plate temperatures, absorber plate (copper plate collector and glass plate collector) temperatures. The Autotransformer is used to vary the speed of the blower. Anemometer is used to evaluate the air velocity through the system and intensity of the solar radiation is measured by pyranometer. Design details of solar air heater is shown in Table 1 . 
Assumptions
In the following the assumptions considered in the analysis are:
•The system operates under steady state conditions; •Air, absorber and bottom plate temperatures change only in the direction of the air flow; •Air temperature is assumed uniform through the cross section;
•Heat conduction is considered negligible; •Outside convective heat transfer coefficient is constant along the length of solar air heater [15].
TYPES OF EXPERIMENTATION
The experiments were performed for both types of air heaters in actual solar conditions by changing the absorber plates (same operating conditions, different velocity conditions and various glass plate arrangements).
The efficiency of solar air heater with different absorber plates made of glass plate and galvanized iron (GI) sheet is determined from the experimental observations. The thermal performance evaluation and the comparison of its thermal efficiency against the efficiencies of other collectors with different absorber plates were carried out. The total solar radiation incident on the surface of the collector was measured by the use of Pyranometer which was located adjacent to the glazing cover, at the same plane, facing due south. The observations (ambient temperature, absorber plate temperatures at several selected locations and air flow rates.) were recorded at time intervals of 30 minutes. The air was provided by a radial fan with a maximum 0.5 kW power. The radial fan placed at the outlet of the collectors sucked in the air. The pressure loss was measured by means of a manometer placed between inlet and outlet of the collector. All tests began at 9 AM and ended at 5 PM. Figure 2 shows that the photographical view of the experimental set up of the solar air heater set up.
Uncertainity analysis
Root Sum Square method can be used to determine the combined effect of random measurement errors. According Root Sum Square method to the result R is a given function of independent variables x1, x2, Thus Let wR be the uncertainty in the result and w1, w2, w3 ….wn be the uncertainties in the independent variables. If the uncertainties in the independent variables are all given with the same odds, then the uncertainty in the result having these odds is given by Temperature of different elements of solar still are measured using a RTD sensor with an error of +/-1 o C.
The detailed error and experimental uncertainty are discussed in Table 2 . 
THERMAL PERFORMANCE ANALYSIS
The theoretical model employed for the study of the solar collector using a thermal energy balance is derived in equation (1) 
The optical yield (η) and the energy loss coefficient (UC) are the parameters that characterize the behaviour of the solar collector. The term ho represents the fraction of the solar radiation absorbed by the plate and depends mainly on transmittance of the transparent covers and on the absorbance of the plate.
The thermal efficiency of the solar collectors (ηc) is defined as the ratio between the energy gain and the solar radiation incident on the collector plane and it is expressed in eqn (3), ηc = ṁ CP (Ta, out -Ta, in) / (IAC)
RESULTS AND DISCUSSION
The performance tests of SAHs were conducted on days with clear sky conditions. The collectors were instrumented with T-type thermocouples for measuring temperatures of flowing air at inlet and outlet of the collector, and the ambient temperature. It is worth noting that the flow rate is basically decided from the rise of the temperature of the air desired for a particular application.
The collector efficiency improvements for both types of SAHs were calculated using Eq. (3). The performances of the absorber plates (Glass and galvanized iron (GI) plates) were investigated for the mass flow rate of 20 kg/h and 25 kg/h for with black coated (Type-I) and without black coated (Type-II) by the experiments which had been performed during one month period. Figure 3 shows the results of experiments regarding the efficiency variations of black coated SAH (Type-I) using different absorber plate with time for the 20 kg/h as the mass flow rate. It was observed that the efficiencies increase to a maximum value at 12:30-02:00 PM in the afternoon, and then they start to decrease as the time proceeds further. The efficiency variation of the same collector (Type I) with the flow rate of 25 kg/h is indicated by the Figure 4 and it was noticed that the efficiency increase to a maximum value around 12:30-02:30 PM in the afternoon, and then starts to decrease in the evening. Figure 5 and 6 show the efficiency variations of the SAHs (Type II) with the mass flow rates of 20 kg/h and 25 kg/h in respect of time, during the experiments. It was observed that the efficiency increases gradually and reaches the maximum value around 12:30-02:30 PM for both mass flow rates and almost same kind of variation was noticed. The efficiency of the Type I (black coated) is higher than that of Type II (without black coated). The air flow rate of air through the duct influences the collector efficiency. The results show that the collector efficiency increases with increasing the air mass flow rate of air and solar radiation. The black coating also plays a vital role in the improvement of efficiency. It was observed that increasing the air velocity through the absorber tubes with the increase of air mass flow rate, and thermal efficiency increases significantly. The cause of this noticeable increase in thermal efficiency is attributable to changing conditions flow from laminar to turbulent regime and consequently to the heat transfer enhancement. Figure 9 and 10. The higher exit air temperature was observed in black coated Glass plate with less mass flow rate of air than galvanized iron (GI) sheet plate.
CONCLUSIONS
This work demonstrates the investigation of Solar Air Heater performances using Glass and galvanized iron (GI) plate as absorber plate with and without black coated surfaces under different operating conditions. The efficiency of the SAH increases with increase in mass flow rate (from 20 kg/h to 25 kg/h) while the temperature gain by system reduces. It is observed that the maximum temperature difference of 58.933°C and 63.68°C was achieved by the galvanized iron (GI) sheet and glass plate air heater respectively. The thermal efficiency of 29.62% and 34.74% were able to obtain when the system was fed with an air flow of 25 kg/h using galvanized iron (GI) sheet and glass plate as absorber plates. It was noticed that these was 9.4% increase in the collector efficiency in the glass plate than galvanized iron (GI) sheet absorber plate collector. The investigations by this work may be one of the useful findings to improve the performance of the collectors of the Solar Air Heaters which is essential for effective utilization of solar energy. models for predicting solar air heaters systems, 
